Organ transplantation was initiated 60 years ago with organ procurement after cardiac death 1 . However in 1968, after the acceptance of death by brain-death criteria, donation after brain death (DBD) became the main source of organs for transplant worldwide. The rationale for this was that DBD organs remain well-perfused until procured. This enables more organ retrievals per donor and potentially improves the graft outcomes 2 . The Queensland Transplantation and Anatomy Act 1979 (enacted in 1984), allowed DBD to become a vital source of transplant organs. However, the everincreasing disparity between suitable transplant recipients and number of suitable organ donations following brain death has re-ignited the search for an alternative source of transplantation 3 . Donation after cardiac death (DCD), previously known as nonheart-beating organ donation, is now considered a viable alternative. The organs transplanted from cardiac death donors now have outcomes similar to DBD due to advances in surgery, organ preservation techniques and immunosuppressive strategies 4, 5 . However, the ischaemic injury to organs from DCD is a key determinant of graft outcome, and tolerance to ischaemia is organ-specific. Kootstra et al described four categories of donation after cardiac death (Maastricht categories I to IV), of which category III is most commonly used. It refers to those in whom cardiac arrest is expected to occur soon after withdrawal of cardiorespiratory support (WCRS), leading to organ recovery in a controlled manner (Table 1) 6 .
Clinical Experience Outcomes of the pilot study were compared with national outcomes using data published in the annual reports of Australian and New Zealand Organ Donation during the same period 7 .
The distribution of continuous variables was determined by visual inspection of a normal Q-plot. Values are reported as mean±SD for normally distributed data and median, range and interquartile range (IQR) for continuous variables with skewed distributions, and as total number and percentage of total. Statistical analysis was performed using PASW 18.0 (SPSS Inc, Chicago, IL, uSA).
ReSuLTS
Twenty-eight patients were identified as potential DCD donors in the Queensland DCD pilot project, resulting in 23 individuals donating one or more organs. The demographic and clinical characteristics of these patients are summarised in Table 2 .
Patient clinical condition determined the WCRS and the decision was independent of organ donation status. The family members largely volunteered DCD with only 18% (five) of the discussions initiated by intensive care staff during the study period. For patients who were considered for DCD, median time from admission to consensus for WCRS was four days. Traumatic head injury, cerebrovascular accident and anoxic brain injury had a median time from admission to WCRS of seven days (IQR 3 to 9, range 2 to 14 days), 3.5 days (IQR 3 to 8.25, range 2 to 14 days) and four days (IQR 4 to 4, range 3 to 5 days) respectively. Five potential donors were excluded from organ donation as a result of medical contraindications, death after WCRS occurring From 2008 to 2010, kidney retrieval from DCD represented 10, 9 and 26% respectively of the total DD kidney pool each year, and the lung retrieval was 0, 9 and 16% respectively of the total DD lung pool of that year ( Figure 2 (Figure 1) . DCD organs available for transplant increased from 5.6% in 2008 to 17.5% in 2010, providing 9.5% (48) of the 505 deceased organs transplanted in Queensland. In 2008, DCD organ retrieval and transplant started with kidneys before expanding to include lungs in the following year. Kidneys were obtained from 96% (22) and lungs from 22% (five) of the 23 DCD donors, with a median yield of two organs per DCD donor (range one to three). are alive and had satisfactory graft function at the time of reporting. National data suggest DCD is on the rise (Figure 3 ). During the study period, in Australia and New Zealand there were 815 deceased donors of which 16% (134) were DCD. They provided 11% (305) of the 2729 solid organ transplants from deceased donors, including 16% (235) of the 1453 deceased kidneys and 15% (50) of the 342 deceased lungs.
DISCuSSION
Deceased organ donation rates in Australia are one of the lowest among the developed countries. In 2010, Australia had 13.8 donors per million population with Queensland having 10.8 donors per million population 7 . Approximately 1700 potential recipients are currently awaiting transplantation of a solid organ 8 . It is this mismatch that has resulted in the introduction of the DCD program in many states in Australia including Queensland. Initially, DCD was aimed at kidney transplants only. However, in the last decade DCD lungs, liver and pancreas have been successfully transplanted in Australia 9 . Structured implementation of DCD has the potential to increase all organ availability for transplantation by 25% 10 . It can contribute up to 50% of the deceased kidneys for transplant and has a potential to increase renal transplantation more than four-fold 11, 12 . During the DCD project, only one donor kidney could not be retrieved due to failure to perfuse by cold preservative solution. All DCD kidneys were grafted successfully in the recipients 7 .
Delayed graft uptake occurred in some cases, but no primary graft failure occurred and all grafts eventually assumed a function equivalent to DBD kidneys 13 . Lung transplants have steadily increased in Australia over the last few years 14 . DCD has a potential to further increase the number of lung transplants performed each year with long-term outcomes comparable to DBD 15 . In 2009, the Queensland DCD program was expanded to include retrieval of the lungs. Lungs were retrieved from 22% (five) of the 23 DCD donors, which was low compared to the national average of 37% (50) of the 134 DCD donors during the study period. All DCD lungs were successfully grafted.
It was expected that DCD would decrease the waiting time for transplant recipients by increasing organ availability. However, the overall effect of DCD remains capricious with studies showing inconsistent results 16 . During the DCD project, an increase in DD pool was observed with the overall rise in number of organ transplants compared to 2005 to 2007. However, as the percentage of DCD increased in the DD pool, organ transplant rates did not grow proportionately, causing limited impact on organ transplantation programs (Figure 1) . Similarly in the united Kingdom, despite a rise of 17% in DCD rates in 2009 to 2010 compared to 2008 to 2009, organ donation rate rose only by 4% 17 . Likewise, in some countries an increase in the DCD was matched by a decrease in DBD with no overall increase in transplantation rates 18 . This has reignited the debate about whether potential donations after brain death are now being translated to DCD. However, DCD is discussed after WCRS and plays no role in the decision-making process of WCRS 19 . The decision to withdraw life support is based on futility. However, cessation of futile treatment does not always result in cessation of circulation in the time required to ensure organs are suitable for transplantation. DCD has increased the availability of organs for transplantation in Queensland. Without the DCD project, none of the organs procured from DCD would have been made available. The limited rise in overall organ transplantation rates is due to the smaller number of organs procurable from DCD compared with DBD donors, along with a relative drop in DBD. The drop in the DBD is multifactorial, including but not limited to: better road traffic rules contributing to decreased trauma; changes in neuro-intensive care; and neurosurgical practices such as decompressive craniectomy, leading to a decrement in brain death 20, 21 . The study facilitated the creation of an optimal system for DCD from consent to transplantation in Queensland. Organ donation is supported by most families and is an important aspect of bereavement care 22, 23 . It should be discussed as a part of end-oflife care where possible and appropriate 24 . However, during the pilot project, the family initiated most of the discussions related to organ donation. Experience and ongoing education resulted in intensive care staff becoming more comfortable, thereby initiating 18% of the DCD discussions. In Queensland, the WCRS occurs either in the intensive care unit or theatre suite, on the assumption that the transplant outcomes will be similar 25 . Family satisfaction is higher when WCRS occurs in the intensive care unit, with the staff being more comfortable in dealing with the end-of-life care than theatre staff, but results in an increased WIT of a few minutes 6 . Initially, WIT was calculated from the cessation of circulation to start of cold perfusion. However, to align more closely with national and international practice WIT was subsequently determined as systolic blood pressure ≤50 mmhg to start of cold perfusion 26 . Prolonged WIT can increase graft failure rates and should not exceed 45 to 60 minutes for kidney, 90 minutes for lung and 35 minutes for liver transplantation 2, 27 . Equally, the process of the declaration of death was also changed during the pilot study to align with international practice 28 . Death is now confirmed by the intensive care specialist after two clinical assessments; first at circulatory arrest and then a second assessment five minutes later to exclude auto-resuscitation and confirm permanent cessation of cardio-respiratory functions 29 . A multi-pronged strategy can augment the organ donor pool for future transplantations. Increasing the consent rate could be an effective tool to increase organs available for transplantation. In Australia, 40% of the population do not know the wishes of their family members and only 58% of families consent to organ donation 8 . Potential donors should be identified in the hospital. A review in Victorian hospitals revealed that only 59% of all potential donors were accurately identified and organ donation pursued 30 . Legislative changes can increase the number of potential donors 31 . Antemortem interventions like heparin administration and cannulation of femoral vessels are the standard of care in some countries and may improve the quality of organs procured and outcomes of transplantation. Heparin minimises ischaemic injury by preventing small vessel thrombosis and femoral cannulation allows rapid establishment of artificial perfusion after cardiac death 29 . However, Queensland does not practice these ante-mortem interventions because of legal and ethical concerns as there is a theoretical possibility that it may hasten donor death 32 . This is despite the support of the National Health and Medical Research Council for such interventions following informed consent 33 . Multiple organ retrieval has the potential to further augment the number of organs available for transplants.
This retrospective review represents the collective experience of a health system attempting to implement the DCD pilot project. There were some constraints involved with the project. The project was first implemented in two metropolitan hospitals in Brisbane before extending the service to a total of five hospitals. Second, in the early stages, requests for DCD were largely initiated by family members, thereby missing out on some potential donors. Third, organ procurement was initially limited to kidneys. However, the project was largely successful in terms of implementation within the ethical boundaries, while achieving high levels of satisfaction amongst the staff and the families involved.
CONCLuSIONS
The Queensland DCD guidelines 34 and Queensland pilot project initiative have successfully extended the opportunity to Queenslanders to donate organs after death in circumstances other than brain death. Despite its restriction to a small number of pilot hospitals, the data was reflective of the overall Australian and New Zealand experience.
Queensland's DCD in this pilot project represented 17% of all DCD in Australia and accounted for 16% of all deceased organ donors in Queensland during the study period. The Queensland DCD guidelines and pilot DCD project are an effective model and framework to facilitate the implementation of the DCD protocol in Queensland hospitals, and are consistent with the proposed national DCD practice and guidelines.
